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USE OF ULTRALIGHT AIRCRAFT FOR INTRODUCING MIGRATORY CRANE 
POPULATIONS 
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JAMES C. LEWIS, U.S. Fish and Wildlife Service. 500 Gold Ave. SW, Albuquerque, NM 87103, USA 
DAVID H. ELLIS. Patuxent Wildlife Research Center, U.S. Geological Survey-Biological Resources Division. HeR 01. Box 4420, Oracle, 
AZ 85623, USA 
Abstract: Greater sandhill cranes (Grns canadensis tabida) were used as the research surrogate for whooping cranes (Grns 
americana) to determine if captive-reared cranes could be led by an ultralight aircraft (UL) along a migration route and if, after release 
on a wintering area, they would integrate with wild cranes and migrate north in spring to their natal area without assistance. In 1995, 
KRC raised 15 cranes to fledging and trained them to respond to his vocal imitation of a sandhill crane brood call. Chicks learned to 
follow him as he walked, drove an all-terrain vehicle (ATV) , or piloted a UL. The caretakers were not in crane costumes. Cranes 
were tame but allowed to roam at will without accompanying humans part of the day and were penned at night. Daily excursions 
provided exposure to habitats, foods, and predators the birds would encounter after release into the wild. In mid-October 1995, 11 
radio-tagged cranes were led in migration from Grace, Idaho, to Bosque del Apache National Wildlife Refuge (BdANWR), central 
New Mexico, and released near wild wintering sandhill cranes. The 1,204-kIn migration took 11 days, including I day when the 
aircraft were grounded due to a winter storm. Hazards encountered enroute included mountainous terrain, turbulent air, and attacks 
by golden eagles (Aquila chrysaetos). On the wintering grounds hazards included crane hunters and coyotes (Canis latrans). Within 
2 days after release at the BdANWR wintering site, the research cranes were associating with and imitating the behavior of wild 
cranes. The 4 surviving birds migrated north in spring 1996, and in May 1996, 2 were within 53 km of their Idaho natal area. 
PROC. NORTH AM. CRANE WORKSHOP 7: 105-113 
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New Mexico. 
The endangered whooping crane numbers approximately 
200 in the wild and 100 in captivity. The only self-sustaining 
wild population nests in the Northwest Territories, Canada, 
and winters on the Gulf Coast of Texas. This population is at 
risk because its Texas winter habitat borders the Gulf 
Intracoastal Waterway, one of the most heavily used water-
ways in the world. Much of the associated boat tonnage 
consists of petroleum and chemical products. An accidental 
spill could pollute much of the wintering area and jeopardize 
this population. 
To promote survival in the wild, the recovery plans of 
Canada and the United States recommend establishing 2 
additional wild populations (Edwards et al. 1994, U.S. Fish 
and Wildlife Service 1994). An experimental introduction is 
underway in Florida to start a nonmigratory popUlation 
(Nesbitt et al. 1997). The Canadian Wildlife Service and 
U.S. Fish and Wildlife Service hope to introduce a migratory 
population in the Canadian prairie provinces at the end of this 
decade. 
Juvenile cranes learn a migration route and wintering 
location from their parents. The source of whooping cranes 
for the Canadian reintroduction will be captive-reared birds 
conditioned for release into the wild. But there is no tested 
technique for introducing cranes in an area where migration 
must be learned and there are no parents or other adults to 
teach the route to captive-reared birds. Further, it would be 
advantageous in the introduction to lead whooping cranes 
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along a chosen route, to preselected stopover areas, and to a 
predetermined wintering area. Such control would increase 
the potential protection, simplify monitoring of birds, and 
make it more acceptable to citizens concerned about introduc-
tions of endangered species. A technique is needed to satisfy 
these objectives. 
Beginning in 1983, KRC led tame sandhill cranes behind 
ATV's and automobiles. In 1994, 1 such flight covered 61 
km behind a pickup truck. From 1990 through 1992, DHE 
and other personnel at Patuxent Wildlife Research Center 
trained 4-6 sandhill crane chicks each year to follow a truck 
or automobile so their flight performance could be observed 
while they were wearing backpack harnesses carrying 
satellite transmitters. In 1993, Lishman reared Canada geese 
(Emnta canadensis) in Ontario, trained them to follow a UI., 
and in fall led 18 for 600 km to Virginia where they spent the 
winter (Lishman 1995, Lishman et al. 1997). The following 
spring, 13 returned unassisted to Ontario. In 1994 he led 
Canada geese to South Carolina and most of them returned 
to Ontario in spring 1995. In 1994, KRC reared 6 sandhill 
cranes and taught them to follow a UI. in local flights within 
Idaho. 
Two reintroduction circumstances have been discussed by 
the U.S. Whooping Crane Recovery Team: (1) sandhill crane 
populations would be resident in the nesting and wintering 
areas or would be established there before the whooping 
cranes were introduced, and (2) the whooping cranes would 
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be introduced in breeding and wintering habitat where no 
other cranes existed. The migration route used by the Rocky 
Mountain crane populations was selected for our research 
because a 20-year data base on sandhill crane and whooping 
crane habitats and behaviors exists which provides a compar-
ative baseline. Also. requirements of the Endangered Species 
Act and National Enviromnental Policy Act have been 
fulftlled for research with whooping cranes in this area. Most 
of the suitable habitat in the Rocky Mountains is already 
occupied by sandhill cranes, so this first phase of our 
research tests those circumstances in which whooping cranes 
would be released in areas occupied by sandhill cranes. 
Our primary objectives were to determine if (I) young 
captive-reared sandhill cranes could be trained to follow a 
UL along a 1,200-km migration route in fall to a specific 
winter area, (2) cranes reared in a semi-wild manner would 
develop behavior typical of wild cranes after release at a 
wintering site, and (3) these birds would then return unas-
sisted to their summering area in spring. 
We thank the following for financial support of the 
research: U.S. Fish and Wildlife Service; Windway Capital 
Corporation of Sheboygan, Wisconsin, that provided funds 
through the International Crane Foundation; World Wildlife 
Fund-Canada; Canadian Wildlife Service; and National 
Biological Service. Some telemetry equipment was provided 
by R. P. Urbanek and the Ohio Cooperative Fish and 
Wildlife Research Unit, Ohio State University, Columbus, 
Ohio. Special thanks are due M. G., P. M., S. G., and F. 
M. Clegg for their assistance in many aspects of rearing and 
migration of the birds. We also appreciate the substantial 
assistance of E. Spalding, who piloted the Challenger UL 
during migration. T. Watanabe assisted in the ground crew 
during the migration. M. V. Connolly, BdANWR, monitored 
the birds while they wintered at the refuge. R. J. Garcia, 
Alamosa/Monte Vista National Wildlife Refuge, monitored 
the cranes while they were staging in southern Colorado in 
March - April. 
STUDY AREA 
Sandhill cranes were reared on the Clegg Ranch near 
Grace, southeastern Idaho. The ranch includes small ponds, 
pastures, alfalfa, and barley fields where the birds foraged 
during the day. The 1,200-km migration route extended 
southward from Grace through eastern Utah to Moab, across 
the corner of southwestern Colorado to Cortez. south to 
Gallup, New Mexico, southeasterly to Los Lunas, New 
Mexico, and south along the Rio Grande to BdANWR, south 
of San Antonio, New Mexico. The 140,790-ha BdANWR 
includes approximately 9,880 ha of managed wetlands and 
several thousand hectares of corn and alfalfa. Annual peak 
winter populations of 15,000-20,000 sandhill cranes occur on 
the refuge. The route was selected to avoid some high-
elevation, rugged terrain traversed by most cranes in the 
Rocky Mountains because their route was more hazardous to 
UL aircraft. Also, only small numbers of cranes migrate 
along the route selected, consequently there would be less 
likelihood of the research cranes leaving the UL to join wild 
cranes. 
METHODS 
Rearing and Training 
Searches for wild sandhill crane nests occurred in late 
April and May at Grays Lake National Wildlife Refuge, 55 
km from the Clegg ranch. Eggs were floated at the nest site 
to estimate the hatching date. Eggs were removed from nests 
about 4 days before hatching and grouped by hatching date to 
minimize aggression among chicks. Eggs were kept in an 
incubator until pipped, then moved to a container with natural 
nesting materials where an infrared heat lamp provided 
warmth. Nest material was replaced every 4 days to mini-
mize fungal growth. Water in a pan beneath the nesting 
material helped maintain the high humidity appropriate for 
hatching. When the chick began pipping the egg, a tape 
recording of KRC's imitation of the crane brood call was 
played. The call, lasting about 5 seconds, occurred at 30-sec 
intervals on the tape which was played for up to 30 minutes. 
The tape was played periodically over the approximately 30 
hours required for the bird to hatch. The tape was not used 
after the chicks hatched because there was regular contact 
with KRC and his calling. 
After hatching, 6-8 chicks of similar age (a several day 
age spread) were placed in each group pen (2.12 m long, 
0.912 m wide, and 0.6 m high) at night until they were 5-10 
days of age. Then the 12 oldest individuals were placed on a 
small island in a pond inside a IS.2-m x 30.4-m pen. The 
youngest chicks were gradually added to this large group. 
Food was placed in bowls at several sites on the island and a 
transparent windbreak and full-sized crane decoy were placed 
there. A heat lamp suspended over the island provided a 
source of warmth. Chicks were viewed periodically through 
the evening, via video camera, to monitor their well-being. 
The island was progressively flooded over an interval of SO 
days so the juvenile birds were roosting in water by the time 
they were fledging age. 
A Dragonfly UL (high wing, push propeller, single seat, 
open cockpit, min. air speed 32 km/h, max. air speed 104 
km/h, capable of 5 hours aloft with an extra fuel tank, and 
designed to tow gliders) was modified specifically for this 
project. A 4 x 4 Polaris Explorer A TV was used to lead pre-
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fledged chicks. 
The juvenile cranes were led daily across an open field 
to a ditch bank and allowed to forage, without a caretaker 
present, for natural foods in the water and uplands. The birds 
fed in grain and alfalfa fields on seeds, insects, and earth-
worms (Lumbricus sp.). They were observed from a distance 
with binoculars at 15- 30-min intervals. The decoy was also 
used as a daytime attractant in fields when the caretaker left 
the birds. The birds were penned at night. Potential predators 
in the area included golden eagles, coyotes, raccoons 
(Procyon lotor), and red-tailed hawks (Buteo jamaicensis). 
Training the birds to follow KRC on foot, on the A TV, 
and in the UL capitalized on the following behavior of 
chicks. He called the birds to follow by imitating the sandhill 
crane brood call, and the birds walked behind him. At age 20 
days the chicks were exposed to the sounds and appearance 
of the ATV and UL. The UL was flown over the pen at 2-3-
day intervals and left idling nearby for short periods. The 
plane was also parked near the pen so the birds grew accus-
tomed to its appearance, the wind from the propeller, and 
engine noise. The birds were trained to run after the A TV or 
the taxiing UL. After they fledged the cranes were encour-
aged to follow the flying UL. 
Migration 
Birds were radiotagged with solar-powered transmitters; 
some also had a NilCad battery for operation when solar 
energy was not available. Bright yellow leg bands (7.5 cm 
high) with black numbers were affixed shortly before the 
migration flight. The cranes were led south by the Dragonfly 
UL on 16 October 1995. A second faster Challenger UL 
(single seat, open cockpit, high wing, push propeller, max. 
air speed 161 kmIh) accompanied them to help monitor wind 
conditions ahead of the Dragonfly UL, select suitable landing 
sites, and to protect the flock from attacking golden eagles. 
Landing locations were not predetermined but were selected 
when the birds became tired, night approached, fuel supplies 
were low, weather became unfavorable, or the cranes 
scattered when golden eagles attacked. 
The pilots usually had radio contact with each other and 
with a member of the ground crew. Four personnel with 3 
vehicles comprised the ground crew. One pickup truck towed 
an aircraft trailer used to transport a portable crane pen to 
New Mexico and to return to Idaho with a UL. Another 
pickup truck and a lightweight 4 WD truck were used as chase 
vehicles. The cranes were placed in a net-covered, portable 
pen at night. Six panels (each 4.56 m x 2.1 m) tied together 
provided a pen 4.56 m x 9.1 m x 2.1 m. At least 2 persons 
camped near the cranes at night. 
Birds were penned at midday and overnight to protect 
them from predators. In some situations wetlands were 
available, so the birds could feed and roost in water. On 
other occasions surface water was not available near landing 
sites and the birds were penned in uplands. They were 
offered food and water 2 to 3 times daily. Food ingestion was 
limited in early morning on flight days. 
One day after arrival at BdANWR, New Mexico, the 
aircraft, pen, and foods were removed. The research cranes 
were allowed to integrate with the wild cranes on their own 
initiative and to learn appropriate behavior for survival at the 
winter site. KRC remained at the refuge for a week to 
monitor the birds' integration with the wild sandhill cranes. 
The research cranes were monitored daily through the winter 
months by BdANWR personnel. 
RESULTS 
Rearing and Training 
Twenty wild sandhill crane eggs were acquired and 20 
hatched. There was a IO-day age difference between the 
youngest and oldest chicks, and 2 of the youngest were killed 
by the others. Three chicks died of unknown causes and 15 
fledged. During initial flights only I or 2 birds flew with the 
UL, but within 5 days all 15 were following the aircraft. 
Gradually the flight distance was increased. The pilot 
observed the flying cranes to determine when they were tired 
(i.e., panting or gaping) and should be allowed to rest. The 
cranes adapted well to the Dragonfly UL but during initial 
flights their attempts to follow were uncoordinated. With 
experience, some cranes learned to minimize energy expendi-
ture by riding air vortices off the UL wings. Several hazards 
existed for the young cranes as they learned to fly. Power-
lines adjacent to the ranch property proved fatal for I young 
bird shortly after it learned to fly. One crane was killed when 
it flew into the UL propeller. Thereafter, a metal guard was 
uniquely engineered and installed to protect the cranes and 
propeller. Two golden eagles attacked the cranes during a 
flight training session near the ranch, and I crane received a 
wing injury that prevented it from participating in the 
migration. Another crane lost a foot when it became entan-
gled in a wing strut while flying. The injured birds healed 
and could still fly, but they were excluded from the migration 
because of concern that they would not be able to keep up 
with the other birds. 
Migration 
Each fledged, captive-reared sandhill crane learned to 
follow the UL. By migration time the flock was flying about 
40 km daily. Migration began on 16 October with II cranes 
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leaving the Clegg Ranch and ended on 26 October when 8 
arrived at BdANWR in central New Mexico (Figs. 1 and 2). 
The 1,204-km migration required II days including 23 hours 
of flight time (Table I). During most of the migration, the 
birds flew in formation off the UL wingtips to take advantage 
of vortices off the wings. The UL' s were grounded I day due 
to snow and strong winds. Six cranes flew with the UL the 
entire migration. Crane No. 50 disappeared 16 October just 
north of Logan, Utah, after accompanying the aircraft about 
76 km and returned to the Clegg Ranch 3 days later. 
Daily distances flown varied from 43 to 217 km (Fig. I) 
depending on wind conditions, temperature, terrain, fuel 
supplies, golden eagle attacks, stamina of the cranes, and 
diminishing daylight. Mean flight altitude was about 300 m. 
The highest pass traversed was about 2,590 m above sea 
level. The UL crossed it at about 150 m altitude. Average 
flight speed was 52 kmlh with occasional bursts of up to 70 
kmlh. The typical morning flight began about 0900 hours, or 
later if ice was on the planes, and continued for 1-2 hours. 
If winds moderated sufficiently, another flight was made in 
late evening and continued as long as light was adequate. 
Only once were the birds reluctant to fly. On that occasion 
their reluctance may have been due to an attack by eagles that 
morning or excessive feeding in the afternoon. 
Some cranes had difficulty keeping up with the aircraft, 
especially at higher altitudes in rugged terrain. No. 43 had 
difficulty flying after the first day and at the end of the 
migration was diagnosed as having coccidiosis. No. 42 stayed 
with the group the first day and the last 3.5 days but had 
difficulty keeping up with the flock through some of the most 
rugged terrain. Whenever I bird tired and landed, others 
endeavored to join it. It was necessary to transport non-flying 
birds in a trailer to keep the main flock flying. No. 42 was 
transported 400 km, and No. 43 was transported most of the 
migration. 
Other than the difficult flying conditions, the most 
persistent problem was attacks by golden eagles. On 17 
October the cranes crossed a pass at 1,829 m In the Bear 
River Mountain Range. A pair of golden eagles attacked Nos. 
41 and 49, lagging about 90 m behind and 45-60 m below 
the Dragonfly UL. The pilol of the Challenger UL saw I 
eagle strike No. 41 and carry it about 460 m to the ground 
where its carcass was later recovered. The second crane was 
last seen being pursued by the second eagle. 
Attacks by 1- 3 eagles occurred 5 times during the 
migration. Single eagles were observed on 2 other occasions 
when the cranes were not attacked. When an attack was 
detected, both aircraft Intercepted and chased the eagles. The 
eagles typically attacked from above. Sometimes the first 
indication of an impending attack was when the cranes moved 
close around or beneath the UL. The progress of migration 
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Fig. 1. Migration route of the ultralight aircraft and sandhill 
cranes, October 1995. Numbers indicate overnight stops: (1) 
Hyrum, Utah; (2) Deer Creek Reservoir below Heber City, Utah; 
(3) Daniel's Pass, Utah; (4) 8 km north of Helper, Utah; (5) Green 
River, Utah; (6) and (7) Lisbon Valley, Utah; (8) south of 
Shiprock, New Mexico; (9) Twin Lakes, New Mexico; and (10) 
west of Los Lunas, New Mexico. Daily flight segments are 
described in Table 1. 
was disrupted for several hours after some of these attacks. 
As the pilots gained experience they learned to anticipate 
eagle attacks, to interrupt the attack by intercepting the 
eagles, and by shooting shell crackers to deter the attacks, As 
they gained experience, the pilots became more adept at 
using the UL's to protect the cranes, and the cranes became 
more adept at avoiding the eagles. 
The cranes responded to approaching unfamiliar aircraft 
as they would to an approaching eagle. They flew under the 
wings, alongside the Dragonfly UL, or they scattered, The 
Challenger UL was not flown with the birds until the morn-
ing of migration, and it took several days before the cranes 
seemed to recognize and lose their fear of it. 
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Fig. 2. A flock of greater sandhill cranes follows the ultralight aircraft past a volcanic escarpment in northern New Mexico (photo by 
D. H. Ellisl. 
No. 43, the crane transported by trailer most of the way, 
was taken to the Rio Grande Zoo in Albuquerque, New 
Mexico, for treatment. The diagnosis was coccidiosis, an 
illness common among sandhill cranes of the Rocky Moun-
tains (Parker and Duszynski 1986), and one that can cause 
severe respiratory effects. No. 43 was retained at the zoo for 
treatment. 
Adaptation to the Wild and the Wintering Site 
The migration was completed at about 1300 hours on 26 
October. Many wild sandhill cranes were in fields adjacent 
to the field where the UL's and research cranes landed. After 
the media and the welcoming personnel left the area, the 7 
research birds walked towards wild birds. Wild pairs, 
unaccompanied by young, approached the research cranes 
and called to them. Research vehicles and aircraft were 
removed from the vicinity. At dusk the wild birds began 
flying to their water roosting sites. The research birds flew 
with some departing wild birds, but when they gained enough 
altitude to view the Dragonfly UL at a distance they sepa-
rated from the wild birds and landed by the aircraft. The 
birds were then penned for the night. 
On the morning of 27 October, the 7 research birds were 
released from the pen to join wild birds feeding in the 
vicinity. The pen and aircraft were removed from the area. 
That evening research birds failed to fly with wild birds when 
they departed for their water roost. We attempted to frighten 
them so they would join the wild birds. They flew, but in the 
fading light we were unable to determine where they roosted 
because their transmitters did not operate without sunlight. 
By 0900 hours on 28 October, most research birds were 
back with wild cranes feeding in alfalfa or on the edge of 
standing cornfields. Between 1000 and 1200 hours we 
110 ULTRALIGHT AIRCRAFr FOR INTRODUCING CRANES' Clegg et at. Proc. North Am. Crane Workshop 7: 1997 
Table 1. Migration history of research sandhill cranes led by ultralight aircraft from Grace, Idaho, to Bosque del Apache National Wildlife 
Refuge. New Mexico, October 1995 (see Fig. 11. 
Distance Crane nos. and performance
3 
October Segment location (km) 40.44-48 41,49b 42 43' 50' 
16 Grace, Id., to Richmond, Ut. 76 + + + + + 
Richmond to Logan, Ut. 11 + + + + (10) 
Logan to Hyrum, Ur. 16 + + + + 
17 Hyrum to Eden Pass, Ut. 14 + (12,K,O) + T 
Eden Pass to Park City, Ut. 89 + T T 
Park City to Deer Creek, Ut. 31 + T T 
18 Deer Creek to Daniel Pass, Ut. 24 + T T 
19 Daniel Pass to Helper 1ct., Ut. 75 + + T 
20 Helper 1ct., to Green River, Ut. 116 + T T 
21 Green River to La Sal Jet., Dt. 109 + + T 
La Sal Jet., to Lisbon Valley, Ut. 16 + T T 
22 Lisbon Valley 0 
23 Lisbon Valley to Cortez, Colo. 108 + T T 
Cortez to Shiprock, N .M. 69 + + T 
24 Shiprock to Tohatchi, N.M. 101 + + T 
Tohatchi to Twin Lakes, N.M. 16 + + T 
25 Twin Lakes to Mesita, N.M. 177 + + T 
Mesita to Los Lunas, N.M. 40 + + T 
26 Los Lunas to Bosque, N.M. 116 + + T 
Total distance flown 1,204 1,204 115 803 88 86 
a Flew with aircraft (+), transported in truck (T), km flown in portion of segment (No.), missing (0), killed by eagle (K). 
b No. 41 was ridden to the ground by a golden eagle and the carcass found 18 October. No. 49 was simultaneously pursued by a second eagle and is 
presumed dead; no transmission signal was received during a ground search. 
c No. 43 was unable to keep up with the flock and was later diagnosed as having coccidiosis. 
J No. 50 disappeared on the second flight, was not detected in ground searches, but returned to Grace, Idaho, on 18 October. 
recovered carcasses of Nos. 46 and 48 in the corn. It 
appeared they had been killed by coyotes; a common coyote 
hunting tactic is to use dense weed cover and the corn to 
conceal its approach to prey on snow geese or cranes entering 
the standing corn to feed. We do not know if the cranes were 
killed early that morning or during the previous night. 
On the evening of 28 October, the surviving birds 
accompanied wild birds to water roosts. On 29 October, only 
2 of the surviving birds could be found on the refuge. By 
searching north of the refuge, we found 1 of the 3 missing 
birds (No. 42) hiding in dense vegetation. It was captured 
and examination indicated it had a minor flesh wound in 1 
wing caused by a shotgun pellet. This bird was returned to 
the refuge and released. On 31 October, project personnel 
were notified that the 2 missing birds, Nos. 40 and 47, had 
been killed by a crane hunter on 29 October and delivered to 
a hunter checking station. The cranes were flying with a 
flock of wild cranes when killed. After the 3 research cranes 
were shot, information sheets (fliers) were prepared and 
given to all hunters before the 2 remaining 2-day hunts. 
These fliers described the research, the bright yellow leg 
markers on the research birds, and requested that hunters not 
shoot these cranes. 
No. 50, the crane which left the group on the first day of 
migration and returned to the Clegg Ranch, was transported 
to BdANWR on 13 November. It was released in the vicinity 
of No. 42, which it immediately joined. No. 50 was last 
located on the evening of 15 November and could not be 
found during a subsequent search of the refuge and the Rio 
Grande Valley 30 Ian north of the refuge. We do not know 
if No. 50 died or left the area. 
The 4 surviving research cranes spent the winter associat-
ing with wild cranes, feeding in uplands during the day and 
roosting in werlands at night. Their movements were limited 
to the refuge most of the winter. The distance traveled 
between the roost and feeding area was typically less than 3 
Ian. The research cranes associated with the same groupings 
of wild birds all winter. They responded to the approach of 
humans by taking flight, just like the wild cranes. The 
transmitter of No. 44 failed in late November, but No. 44 
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continued to accompany No. 45 and wild birds and was 
regularly observed. No. 42 remained with wild birds all 
winter and seldom associated with the other research birds. 
No. 43, treated for coccidiosis, was released on 21 Novem-
ber and associated with wild birds through the remainder of 
the winter. All research birds were captured in February 
1996 by night-lighting (Drewien and Clegg 1992), and new 
radio transmitters were affixed. 
Spring Migration 
The 4 research cranes migrated from New Mexico to the 
San Luis Valley of southern Colorado in mid-March where 
they staged with other cranes of the Rocky Mountain 
population. The cranes did not retrace their southward 
migration route but followed the migration route typically 
used by cranes wintering in New Mexico. In late April they 
migrated north, and Nos. 44 and 45 were found 53 km from 
the Clegg Ranch in mid-May. The location of the other 2 
birds is unknown. 
DISCUSSION 
Fifteen cranes were reared together to fledging age, 
thereby reducing labor and pen requirements. Several factors 
were considered important to minimize aggression between 
chicks. Food was available at all times, and they were taught 
to self-feed as soon as possible, so they were never very 
hungry. Aggressive behavior seemed more evident when 
chicks were hungry. Access to live prey may also have 
reduced aggression. Exercise kept them occupied, and 
pursued chicks were able to flee (rather than be cornered 
against an artificial structure), which reduced the potential 
for injuries incurred by other group members. When young 
chicks became aggressive (3- IO days of age), their beaks 
were lightly trimmed (i.e., sufficiently to bring a drop of 
blood but not to injure the growth plates). The beaks were 
then tender and birds were reluctant to peck each other. 
The frequency of attacks by golden eagles was not 
anticipated. Only I attack on a flying crane, presumed to be 
by a golden eagle, had previously been documented in North 
America (Drewien and Bizeau 1981). Eagle attacks were also 
a frequent problem in the trucking-migration research 
reported in this proceedings (Ellis et al. 1997). Knowledge 
gained about eagle attack strategy in the first few days of 
migration allowed the pilots to anticipate later attacks and 
avoid further losses. For the future, we believe improved use 
of the second aircraft and continued use of shell crackers will 
diminish the number of attacks and the loss of cranes, and 
reduce the flight delays caused by attaCking eagles. 
Cranes "surfing" the airflow over the UL wing or its 
wing tip vortices received some advantage, but generally 
cranes had to maintain a steady flapping flight to keep up 
with the UL. Thermals (rising currents of heated air) in the 
mountains are usually too violent for a UL to safely utilize to 
gain altitude. Consequently, research cranes following the 
UL could not take advantage of the natural lift provided by 
thermals, which wild cranes use to conserve energy. Wild 
cranes migrate using a combination of flapping flight, 
spiralling, and gliding. 
Daily flight times and distances of research cranes (Table 
I) were less than that of migrating wild cranes, which flew 
from 48 to 740 km in daily flights that lasted from 1 to more 
than 10 hours (Melvin and Temple 1982). Sandhill cranes 
migrating between Colorado and New Mexico flew 225-345 
km in I day (Stahlecker 1992). A juvenile whooping crane 
and its sandhill crane foster parents migrated 262 - 276 
km/day (Drewien and Bizeau 1981). Whooping cranes have 
made nonstop flights of 9-10 hours covering 700- 800 km 
(Kuyt 1992). 
Some individuals lacked stamina for the long flapping 
flight migration and flying conditions in mountainous terrain. 
These birds tired sooner and lagged behind the main flock. 
They seemed to be the preferred target for attacking golden 
eagles. The lack of stamina exhibited by No. 43 resulted 
from an active case of coccidiosis, which can have severe 
respiratory effects (Carpenter et al. 1984). 
Water-roosting behavior is essential to survival of cranes 
after they are released in the wild. Released sandhill cranes 
reared at a field facility showed no reluctance to roost in 
water (Urbanek and Bookhout 1992). However, in the 
absence of water-roosting opportunities in captivity, whoop-
ing cranes did not quickly learn water-roosting after release 
in the wild and were vulnerable to predation (Nesbitt et al. 
1997). This problem was corrected by prerelease exposure to 
water-roosting in captivity (Drewien et al 1997, Nesbitt et al 
1997). Since our techniques are ultimately designed for use 
with whooping cranes, KRC reared the research cranes in a 
manner that would promote appropriate water-roosting 
behavior. The research sandhill cranes roosted in water after 
they joined wild cranes. Nos. 43 and 50 were released at 
wetland sites in New Mexico and roosted in water the 
evening of release. 
Group rearing the cranes in semi-wild circumstances on 
the Clegg Ranch helped prepare them for life independent of 
a caretaker when they arrived at BdANWR. We believe that 
survival and integration to the wild can be improved at the 
wintering site by releasing birds in the wetlands, rather than 
uplands, where they can roost overnight and, on their own 
initiative, join the wild flocks in daily feeding flights to 
uplands. In one respect, quick integration of research cranes 
with wild cranes was a disadvantage because it led to the 
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shooting of 3 project cranes that flew with wild birds and left 
the refuge to feed on private croplands. The hunters reported 
that the cranes were flying in a flock of wild cranes when 
they were shot. 
In 1995, 3 crane hunts (each involving 60 hunters for 2 
days) were scheduled on private lands in the Rio Grande 
Valley of New Mexico. The first hunt was 28-29 October, 
and the others were scheduled for early December and early 
January. The departure of the research cranes, with wild 
cranes, from the abundant food (alfalfa, insects, corn, 
wetland plants and animals) and relative safety of the refuge 
was not anticipated. Unfortunately, our research birds arrived 
on the refuge 2 days before the first crane hunt on private 
lands and 4 days before personnel began knocking down com 
on the refuge. The knocked-down corn is more accessible to 
cranes and diminishes the likelihood that cranes will leave the 
refuge to feed on adjacent private croplands. Further, the 
danger of coyote predation is less than when the com is 
standing. In the future, com can be knocked down before the 
research birds arrive to encourage them to remain on the 
refuge. The chance of shooting losses can also be further 
diminished by distributing fliers to hunters as they pass 
through a checking station operated by the New Mexico 
Department of Fish and Garne before the hunt. The fliers will 
request hunter cooperation in protecting the research cranes. 
The hunter who shot the cranes in 1995 said he was able to 
see the bright yellow leg markers while the cranes were 
flying but was not aware of their association with the UL 
research project. 
We also had problems with our radio telemetry equip-
ment. Signals from the solar-cell transmitters were not as 
strong as standard battery-powered transmitters used on other 
crane projects. Our solar-powered units operated marginally 
or not at all when it was cloudy, at dusk, when the birds sat 
on the ground, or when the instrumented leg was folded into 
belly feathers as the bird stood on the other leg. The unsatis-
factory transmitters prevented recovery of No. 49, believed 
to have been killed by an eagle. Our inability to find where 
the cranes landed on the evening of 27 October may have 
contributed to the deaths of cranes No. 46 and 48. The 
failure to find No. 50 in November was also probably due to 
poor radio performance. Subsequently we captured the 4 
surviving cranes by night-lighting (Drewien and Clegg 1992) 
and replaced the solar-powered transmitters with battery-
powered ones. 
The 2 known surviving research cranes returned to within 
53 km of the Clegg Ranch. Wild yearling sandhill cranes 
typically return to their natal area later in spring than the 
adults, and some disperse to sites other than their natal area; 
the magnitude and pattern of such dispersal in the Rocky 
Mountains were not determined (Drewien 1973). Captive-
reared sandhill cranes, released as juveniles in fall in the 
Upper Peninsula of Michigan, migrated to Florida, then spent 
the following summer within ISS km of the natal area 
(Urbanek and Bookhout 1992). Excluding 3 birds that 
summered at extreme distances, the average male summered 
3.5 km and the average female 26.6 km from their original 
rearing/release site. About one-third of all marked whooping 
cranes returned to their natal area in subsequent years. 
Ninety-five percent of the whooping cranes in the Rocky 
Mountain introduced population could be found within a 200-
km radius of the natal area, and those remaining outside the 
normal summer range were yearlings or 2-year-olds. A 
higher percentage of the breeding-age whooping cranes, 
especially males, returned to the specific natal site (Drewien 
et al. 1989). Thus, the return of the UL cranes to within 53 
km of their natal area was within documented parameters. 
CONCLUSIONS 
Basic techniques of training, migration, and introduction 
to the wild were suitable and show promise for improved use 
in future reintroductions. Although some disappointing losses 
of project birds were experienced, such losses can be 
diminished in the future as techniques are refmed. Additional 
testing of the UL technique with sandhill cranes is proposed 
for 1996 to provide a more complete evaluation of its merits 
and suitability for reintroducing cranes. 
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